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(57) ABSTRACT

The invention relates to an electrochemical device (100) hav-
ing electrically controllable optical and/or energy transmis-
sion properties comprising a substrate (40), a functional sys-
tem (60) formed on the substrate and a cover film (56) formed
on the functional system. The functional system comprises a
bottom electrode coating (46), formed on the substrate, a top
electrode coating (54) and at least one electrochemically
active film (48, 52) located between the two electrode coat-
ings, the electro-chemically active film being able to switch
reversibly between a first state and a second state having
optical and/or energy transmission properties different from
the first state. The cover film defines at least one surface cavity
(66) that passes through the cover film without penetrating the
top electrode coating and the device comprises electrical con-
nection means (70) arranged at least partially in at least one
surface cavity for electrical contact with the top electrode
coating.
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ELECTROCHROMIC DEVICE

[0001] The present invention relates to the field of electro-
chemical devices having electrically controllable optical and/
or energy transmission properties.

[0002] These are devices certain characteristics of which
may be modified using an appropriate source of electrical
power, most particularly the transmission, absorption and
reflection of certain wavelengths of electromagnetic radia-
tion, particularly in the visible and/or in the infrared. Trans-
mission is generally varied in the optical (infrared, visible and
ultraviolet range) and/or in other ranges of the electromag-
netic spectrum, hence the device is said to have variable
optical and/or energy transmission properties, the optical
range not necessarily being the only range concerned.
[0003] From the thermal standpoint, glazing whose trans-
mission/absorption/reflection may be varied within at least
part of the solar spectrum allows the solar heat influx into
rooms or passenger areas/compartments to be controlled
when it is fitted as the external glazing in buildings or as
windows in transportation means of the type comprising auto-
mobiles, trains, airplanes, etc., and thus it allows excessive
heating of the latter to be prevented should there be strong
sunlight.

[0004] From the optical standpoint, the glazing allows the
degree of vision to be controlled, thereby making it possible,
when it is mounted as exterior glazing, to prevent glare should
there be strong sunlight. The glazing may also have a particu-
larly advantageous shutter effect.

[0005] FIG. 1 illustrates a device 1 equipped with a func-
tional electrochromic system 2 of the all-solid-state type, that
is to say that all the films of the functional system have
sufficient mechanical strength to be deposited on one and the
same substrate 4 and to adhere to said substrate. This is
because the films of the electrochromic system 2 are for
example inorganic or made of certain organic materials that
have sufficient mechanical strength, such as PEDOT.

[0006] More particularly, by way of example, this system 2
comprises:

[0007] an alkali barrier film 8 made of SiO,;

[0008] a bottom electrode coating 10 formed on the sub-

strate 4 and made, for example, from a film of SnO,:F, ITO
or an Ag-based multilayer;

[0009] a cathodic type first electrochromic film 12, namely,
for example, a film of tungsten oxide into which lithium
ions are inserted (WO,:Li);

[0010] an electrolyte film 14 for example made of tantalum
oxide;
[0011] a anodic type second electrochromic film 16 for

example made of a tungsten-doped nickel oxide (NiWO,);
and

[0012] a top electrode coating 18 formed on the second
electrochromic film 16 and consisting, for example, of a
film of an ITO (tin-doped indium oxide) or an Ag-based
multilayer.

[0013] The device 1 illustrated furthermore comprises:

[0014] anelectrically insulating cover film 20, for example
made of Si0O,, of the electrochromic system 2, the film 20
here acting as a moisture protection film, protecting the
functional system 2 from moisture, and as an antireflection
coating;

[0015] a first strip 24 for connecting the bottom electrode
coating 10, placed directly on the latter; and

[0016] a second strip 26 for connecting the top electrode
coating 18, placed on an inactive region 10B of the bottom
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electrode coating 10, the top electrode coating 18 being, in
part, deposited onto the strip 26.

[0017] It should be noted that the drawing is clearly not to
scale, the strips 24 and 26 and the substrate 4 having thick-
nesses of the order of a millimeter whereas the set of films 8,
10, 12, 14, 16, 18 and 20 have a thickness of the order of a
micron.
[0018] The region of the bottom electrode coating 10 on
which the strip 24 is placed is for example obtained by placing
a mask on the bottom electrode coating 10 during the depo-
sition of the films 12, 14,16, 18 and 20, hence the strip 24 may
be positioned directly on the coating 10 after the deposition of
the films 14, 16, 18 and 20.
[0019] The strip 24 may also be placed after deposition of
the bottom electrode coating 10 and before deposition of the
other films by protecting it with a mask during the deposition
of the these other films.
[0020] As for the strip 26, this is placed on a region 10B of
the bottom electrode coating 10 that has been isolated from
the rest of the coating 6 by laser ablation of the coating along
the length of this region 10B. The ablation is carried out
before the deposition of the first electrochromic film 12 so
that the film 12, which is electronically insulating, fills the
cavity 28 formed by the laser ablation.

[0021] A mask is partially placed above the strip 26 during

the deposition of the films 12, 14, 16, 18 and 20 and gradually

removed so that a part of the top electrode coating 18 is
deposited directly and is therefore in contact with the connec-

tion strip 26.

[0022] Nevertheless, such a device has the drawback of

being relatively expensive to fabricate.

[0023] The object of the invention is to provide an electro-

chemical device having electrically controllable optical and/

or energy transmission properties that costs less to fabricate.

[0024] For this purpose, one subject of the invention is an

electrochemical device having electrically controllable opti-

cal and/or energy transmission properties and comprising:
[0025] a substrate;
[0026] a functional system formed on the substrate com-
prising:
[0027]
strate;

[0028] a top electrode coating formed on the bottom
electrode coating; and

[0029] at least one electrochemically active film located
between the bottom electrode coating and the top elec-
trode coating, the at least one electrochemically active
film being able to switch reversibly between a first state
and a second state having optical and/or energy trans-
mission properties different from the first state when
electrical power is applied to the terminals of the bottom
electrode coating and the top electrode coating; and

[0030] a cover film formed on the functional system in
which the cover film defines at least one surface cavity that
passes through the cover film without penetrating the top
electrode coating and in which the device comprises elec-
trical connection means arranged at least partially in at
least one surface cavity for electrical contact with the top
electrode coating.

[0031] Such a device have the advantage of allowing the

electrical connectors to be positioned after the deposition of

all the films, including the cover film. It thus becomes pos-
sible to obtain the device by cutting a motherboard.

a bottom electrode coating formed on the sub-
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[0032] The connectors are either placed on the mother-
board before cutting, or placed after the cutting on the cut
substrates. In both cases, the motherboard may be fabricated
on another production site and stored for an indeterminate
period of time before cutting, thus for example offsetting the
seasonal demand for fitting windows/curtain walls.

[0033] Furthermore, any suitable device size may be
obtained by cutting a single-sized motherboard.

[0034] These combined features thus result in greater flex-
ibility in the production line and potential cost reductions.
[0035] Particular embodiments of the device according to
the invention furthermore comprise one or more of the fol-
lowing technical features, applied in isolation or in any tech-
nically possible combination:

[0036] the at least one surface cavity is obtained by laser
ablation;
[0037] the electrical connection means comprise a conduct-

ing ink that is flowed into the at least one surface cavity;

[0038] the cover film and the functional system together
define at least one partial cavity passing through the cover
film and the top electrode coating without penetrating the
bottom electrode coating, the at least one partial cavity
separating the top electrode coating into at least two elec-
trically isolated regions, namely a free region and an active
region which is able to control the functional system;

[0039] the device comprises at least one bottom electrode
electrical connector arranged in the free region of the top
electrode coating for electrical contact with the bottom
electrode coating;

[0040] the bottom electrode electrical connector is
arranged on the cover film and soldered through all the
films down to the substrate;

[0041] the cover film and the functional system together
define a total cavity passing through all the films at least
down to the bottom electrode coating inclusive, separating
the bottom electrode film into at least two electrically iso-
lated regions, namely a free region and an active region
which is able to control the functional system;

[0042] the device comprises at least one top electrode elec-
trical connector arranged in the free region of the top elec-
trode coating for electrical contact with the top electrode
coating;

[0043] the electrode electrical connector is arranged on the
cover film and soldered, preferably ultrasonically soldered,
through all the films down to the substrate;

[0044] the top electrical connector is electrically connected
to said connection means arranged in the at least one sur-
face cavity;

[0045] the cover film is electrically insulating;
[0046] the cover film is based on SiO,;
[0047] the functional system is an all-solid-state system, all

the films of the functional system being formed on the
substrate; and

[0048] the functional system is an electrochromic system,
the system comprising a first electrochromic film capable
of switching from the first state to the second state by
insertion/removal of ions, an electrochemically active ion
storage film for storing the same ions by insertion/removal,
the ion storage film preferably being electrochromic and
thus forming a second electrochromic film, and an electro-
lyte film between the first electrochromic film and the ion
storage film, the electrolyte film providing the mobility of
the insertion ions between the first electrochromic film and
the ion storage film.
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[0049] Another subject of the invention is glazing compris-
ing a device as described above, the substrate being a sheet
providing the glazing with a glass function.

[0050] Another subject of the invention is a process for
fabricating an electrochemical device with electrically con-
trollable optical and/or energy transmission properties, com-
prising steps consisting in:

[0051] depositing a bottom electrode coating onto a sub-
strate;
[0052] depositing at least one electrochemically active film

onto the bottom electrode coating;

[0053] depositing a top electrode coating onto at least one
electrochemically active film, the at least one electro-
chemically active film being capable of switching revers-
ibly between a first state and a second state having optical
and/or energy transmission properties different from the
first state when electrical power is applied to the terminals
of the bottom electrode coating and top electrode coating;

[0054] depositing a cover film onto the functional system;

[0055] carrying out an ablation of the material of the cover
film so as to form at least one surface cavity that passes
through the cover film without penetrating the top elec-
trode coating; and

[0056] adding electrical connection means arranged at least
partially in at least one surface cavity for electrical contact
with the top electrode coating.

[0057] Particular embodiments of the fabrication process

according to the invention furthermore comprise one or more

of the following technical features, applied in isolation or in
any technically possible combination:

[0058] the ablation is a laser ablation;

[0059] astep of printing the electrical connection means by
injecting a conducting ink into the at least one surface
cavity;

[0060] a step of ablating the material of the cover film and
the top electrode coating so that the cover film and the
functional system together define at least one partial cavity
passing through the cover film and the top electrode coat-
ing without penetrating the bottom electrode coating, the at
least one partial cavity separating the top electrode coating
into at least two electrically isolated regions, namely a free
region and an active region which is able to control the
functional system;

[0061] a step of depositing at least one bottom electrode
electrical connector in the free region of the top electrode
coating for electrical contact with the bottom electrode
coating;

[0062] the bottom electrode electrical connector is
arranged on the cover film and soldered through all the
films down to the substrate;

[0063] astep of ablating the material of all the films at least
down to the bottom electrode coating inclusive so that the
cover film and the functional system together define a total
cavity passing through all the films at least down to the
bottom electrode coating inclusive, separating the bottom
electrode film into at least two electrically isolated regions,
namely a free region and an active region which is able to
control the functional system;

[0064] placing at least one top electrode electrical connec-
tor arranged in the free region of the top electrode coating
for electrical contact with the top electrode coating;

[0065] the electrical connector is arranged on the cover film
and soldered, preferably ultrasonically soldered, through
all the films down to the substrate;
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[0066] the top electrical connector is electrically connected
to said connection means arranged in the at least one sur-
face cavity;

[0067] the cover film is electrically insulating;
[0068] the cover film is based on SiO,;
[0069] the functional system is an all-solid-state system, all

the films of the functional system being deposited on the
substrate; and

[0070] the functional system is an electrochromic system,
the system being formed by deposition of a first electro-
chromic film capable of switching from the first state to the
second state by insertion/removal of ions, an electrochemi-
cally active ion storage film for storing the same ions by
insertion/removal, the ion storage film preferably being
electrochromic and thus forming a second electrochromic
film, and an electrolyte film between the first electrochro-
mic film and the ion storage film, the electrolyte film pro-
viding the mobility of the insertion ions between the first
electrochromic film and the ion storage film.

[0071] The invention will be better understood on reading

the following description, given merely by way of example

and with reference to the appended drawings, FIGS. 2 to 7 of

which illustrate the process for obtaining the device illus-

trated in FIG. 8.

[0072] FIGS. 2, 3, 5 and 7 are schematic cross-sectional

views whereas FIGS. 4, 6 and 8 are schematic top views.

[0073] FIG. 2 corresponds to a cross-sectional view of the

substrate equipped with films of the functional system and of

the cover film before laser ablation.

[0074] FIG. 3 corresponds to a cross-sectional view along

the line III-I1I in FIG. 4.

[0075] FIG. 5 corresponds to a cross-sectional view along

the line V-V in FIG. 6.

[0076] FIG.7 is across-sectional view along this same line

after electrical connection means have been positioned.

[0077] The drawings are of course not to scale, so as to be
readable.
[0078] FIG. 1 illustrates a device 100 comprising a sub-

strate 40 on which have been deposited:

[0079] an alkali barrier film 44;
[0080] a bottom electrode film 46;
[0081] a first electrochromic film 48 formed on the bottom

electrode coating 46;

[0082] an electrolyte film 50 formed on the first electro-
chromic film 48;

[0083] asecond electrochromic film S2 formed on the elec-
trolyte film 50;

[0084] a top electrode coating 54 formed on the second
electrochromic film 52; and

[0085] a cover film 56 formed on the top electrode coating
54.
[0086] The expression “afilm A formed (or deposited) on a

film B” should be understood throughout the text to mean a
film A formed either directly on the film B and therefore in
contact with the film B or formed on the film B with one or
more films interposed between the film A and the film B.
[0087] The substrate 40 thus illustrated is for example
obtained by cutting a motherboard onto which the films 44,
46, 48, 50, 52 and 54 have been deposited beforehand.
[0088] The films 44, 46, 48, 50, 52 and 54 form an all-solid-
state electrochromic system 60, that is to say all the films of
which are deposited onto the same substrate 40.

[0089] As a variant, the system 60 is not electrochromic,
that is to say a system the optical transmission (absorption
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and/or reflection) of which is reversibly controlled by elec-
trically controlled oxidation/reduction of the films, but for
example thermochromically.

[0090] Generally, the system is an all-solid-state electro-
chemical functional system 60.

[0091] The expression “cover film” is understood to mean a
film formed on the functional system 60. The existence of
intermediate films between the cover film 56 and the system
60 is not ruled out. The cover film 56 is not necessarily the last
film deposited onto the substrate 40 and may be covered with
other films.

[0092] In the example illustrated, the cover film 56 covers
the whole of the functional system 60. More generally, the
cover film 56 at least partially covers the functional system 60
at least in its active part, preferably the whole of its active part
is covered.

[0093] The cover film 56 is for example electrically insu-
lating.
[0094] The expression “electrically insulating” is of course

a relative expression because a zero conductivity is not
required. This means that the cover film 56 has a resistivity
greater than all the films of the functional system 60.

[0095] In the example illustrated, the cover film 56 acts as
a moisture barrier film preventing water molecules from pen-
etrating into the functional system 60, which would damage
the system 60.

[0096] The cover film 56 also acts as an antireflection coat-
ing by virtue of a refractive index that is intermediate between
that of'the media located directly above and below the film 56.
[0097] The cover film 56 is for example made of a ceramic,
for example SiO,. It has for example a thickness of between
10 and 300 nm.

[0098] As a variant, there are several cover films 56.
[0099] It is of course the same for the electrode coatings,
the electrochromic materials and the electrolyte which may,
as a variant, be made of a number of films of any suitable type.
[0100] The expression “comprises a film” should in fact be
understood to have a broad meaning that does not exclude
there being two or more films.

[0101] The alkali barrier film 44 is for example made of
Si0, or another material of any type able to present a barrier
to the alkali metals present in the substrate 40 and thus prevent
damage to the bottom electrode coating 46. Furthermore, the
film 44 plays a role as a tie film because of its good adhesion
to the substrate 40.

[0102] The bottom electrode coating 46 is made of a film of
SnO,:F. The coating 46 has a suitable thickness such that its
resistance per square is less than or equal to 20 €/, for
example a thickness of between 50 nm and 1 micron.

[0103] Generally, the bottom electrode coating 46 and the
top electrode coating 54 are produced from materials of any
suitable type and each coating has a resistance per square of
less than or equal to 20 Q/[].

[0104] Theupper electrode coating 54 is for example made
of ITO, for example with a thickness of between 50 nm and 1
micron.

[0105] The top electrode coating 54 has a resistance per
square less of than or equal to 20 Q/[.

[0106] Thefirstelectrochromic film 48 is for example of the
cathodic type, for example a film of tungsten oxide into which
lithium ions are inserted during the deposition to form WO,:
Li, or a film of tungsten oxide onto the surface of which film
48 lithium ions are deposited. As a variant, any suitable elec-
trochromic material may be used.
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[0107] The second electrochromic film 52 is anodic if the
first electrochromic film 48 is cathodic and is cathodic if the
first electrochromic film 48 is anodic. In the present example,
it is made of a tungsten-doped nickel oxide (NiWO ). As a
variant, an electrochromic material of any suitable type may
be used, for example a film of IrO, .

[0108] The films 48 and 52 given in the above example act
by varying the absorption coefficient.

[0109] As avariant, the film 48 and/or the film 52 are made
of an electrochromic material that acts by varying the reflec-
tion coefficient. In this case, at least one of the films is based
on the rare earths (yttrium or lanthanum) or an Mg/transition
metal alloy or a metalloid (like Sb whether doped or not, for
example doped with Co, Mn, etc.). The other film may be an
electrochromic film that acts by varying the absorption coef-
ficient as above (made of WO, for example) or simply a
nonelectrochromic ion storage film.

[0110] Furthermore, one of the two films 48 and 52 is not
necessarily electrochromic, that is to say that its optical prop-
erties do not vary significantly. The two films are generally, in
the case of an electrochromic system, an electrochromic film
and a ion storage film for storing the insertion ions, which ion
storage film is optionally electrochromic. An example of a
nonelectrochromic ion storage material is CeO, (cerium
oxide).

[0111] The electrolyte film 50 is made of any suitable mate-
rial able to provide the mobility of the insertion ions, while
still being electronically insulating.

[0112] The electrolyte film may for example be a film of
Ta,O5 having a thickness of between 1 nm and 1 micron, for
example between 100 nm and 400 nm.

[0113] The insertion ions are preferably Li* ions in the case
of the aforementioned electrochromic films. As a variant, H*
ions or Na*, K* or other alkali-metal ions may be used in the
case of electrochromic systems.

[0114] The substrate 40 is a sheet providing a glass func-
tion.
[0115] The sheet may be flat or curved and be of any size, in

particular having at least one dimension that is longer than 1
meter.

[0116] The sheet may advantageously be a sheet of glass.
[0117] The glass is preferably soda-lime-silica glass, but
other types of glass like borosilicate glass may also be used.
The glass may be clear or extra-clear or even tinted, for
example tinted blue, green, amber, bronze or gray.

[0118] Thethickness ofthe glass sheet is typically between
0.5 mm and 19 mm, particularly between 2 mm and 12 mm,
even between 4 mm and 8 mm, but preferably 1.6 mm. The
sheet of glass may also be film glass of thickness greater than
or equal to 50 um (in this case, the multilayer EC and the
electrode coatings TCO/TCC are deposited using, for
example, a roll-to-roll process).

[0119] As a variant, the substrate 40 is produced from a
transparent, flexible material, for example from a plastic.
[0120] The substrate 40 illustrated in FIG. 1 was obtained
by depositing various films onto a motherboard and cutting
the substrate 40 from the motherboard, for example using
thermal cutting, for example laser cutting, or using mechani-
cal cutting.

[0121] As illustrated in FIGS. 3 and 4, two cavities 64
called “total” cavities pass through the thickness of all the
films deposited on the substrate 40.

[0122] Asa variant however, the alkali barrier film 44 is not
penetrated.
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[0123] Generally, at least one total cavity 64 passes
through, in particular, the cover film 56 and the bottom elec-
trode coating 46 so that the bottom electrode coating is sepa-
rated into two electrically isolated regions, namely an active
region 46A able to control the functional system 60 and an
inactive region 46B.

[0124] Thecavities 64 have for example a width of between
1 micron and 1 cm and preferably between 100 microns and
1 mm. They are for example obtained by thermal ablation, for
example laser ablation, or by mechanical ablation.

[0125] In the example illustrated, the cavities 64 are two
parallel straight trenches placed near two opposite edges of
the substrate 40, respectively.

[0126] As a variant, the cavities might be for example a
single cavity 64 that forms a trench, for example a straight
trench, near one edge of the substrate, or even a cavity form-
ing a frame, for example a rectilinear frame, that runs along-
side the four edges of the substrate over their entire length,
thus defining a central active region and a peripheral inactive
region that surrounds the central region.

[0127] Placingthe electrical connectors of the top electrode
coating 54 on the inactive region 46B does not create a short-
circuit, as explained in more detail below.

[0128] Asillustrated in FIGS. 5 and 6, the substrate 40 then
undergoes other ablations that form cavities 66, 68 perpen-
dicular to the cavities 64.

[0129] These cavities so formed are of two types: cavities
called surface cavities 66 and cavities called partial cavities
68.

[0130] The partial cavities 68 have a function analogous to
that of the cavities 64. They particularly pass through the
cover film 56 and the top electrode coating 54 but do not pass
through the bottom electrode coating 46.

[0131] Here, two cavities form straight trenches alongside
two edges, perpendicular to the edges of the cavities 64,
which trenches run the entire length of these edges. The
cavities 68 have for example a width of between 1 micron and
1 cm and preferably between 100 microns and 1 mm. They are
for example obtained by thermal ablation, for example laser
ablation.

[0132] In the same way as for the cavities 64, the partial
cavities 68 may, as a variant, be of any suitable number and
pattern so as to electrically isolate the top electrode coating 54
into two electrically isolated regions, namely an active region
54A, able to control the functional system in combination
with the active region 46 A of the bottom electrode coating 46,
and an inactive region 54B.

[0133] As a variant, these trenches might for example be a
single trench, for example a straight trench.

[0134] Placing the electrical connection means of the bot-
tom electrode coating 46 on the inactive region 54B does not
create a short-circuit.

[0135] The inactive region 54B is arranged so as to at least
partially face the active region 46A of the bottom electrode
coating 46 so that the connectors of the bottom electrode
coating 46 may be simultaneously placed in both these
regions and thus soldered through all the films without creat-
ing a short-circuit—this is explained in more detail below.
[0136] The active region 54A is arranged so as to face the
inactive region 46B of the electrode coating 46 for the same
reasons as those relating to the connectors of the top electrode
coating 54.

[0137] The surface cavities 66 pass through the cover film
56 without penetrating the top electrode coating 54. As illus-
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trated in FIG. 7, the cavities 66 are intended to receive the
electrical connection means 70 of the top electrode coating
54.

[0138] In the example illustrated, there are four cavities 66
forming straight trenches parallel to the cavities 68 and
located between the latter. They extend along the entire length
of the edges.

[0139] As a variant, the cavities 66 are of course of any
suitable number and pattern that allows electrical contact with
the top electrode coating 54.

[0140] Generally, the surface cavities 66 extend at least into
the active region 54 A of the top electrode coating 54 so as to
allow electrical contact with the latter in this region 54A and
thus allow the functional system 60 to be controlled via the
electrical connection means 70.

[0141] The cavities 66 have for example a width of between
1 micron and 1 mm. They are for example obtained by pulsed
laser ablation or by plasma etching.

[0142] The electrical connection means 70 illustrated are
for example obtained by inkjet printing.

[0143] As a variant, the electrical connection means might
be metal wires arranged in the cavities 66 or any other suitable
means, such as metal strips.

[0144] FIGS. 7 to 9 illustrate the connectors 72, 74 for
connecting the electrode coatings 46, 54.

[0145] The connectors 72 are the connectors of the bottom
electrode coating 46.

[0146] The connectors 74 are the connectors of the top
electrode coating 54.

[0147] The connectors 72 are for example metal strips or
bands soldered to the substrate 40. They may for example be
ultrasonically soldered.

[0148] Because the various films are very thin, any solder-
ing of the connectors 72, 74 perforates the films and short-
circuits the bottom and top electrode coatings 46 and 54.
Thus, the connectors 72, 74 are placed in regions correspond-
ing to an active region 46 A, 54A of one of the two coatings 46,
54, but in an inactive region 54B, 46B of the other of the
electrode coatings 54, 46.

[0149] It should be noted that an electrical insulator 78
advantageously fills the cavities 64 so that the conducting ink
70 can be printed as far as the connectors 74 without creating
a short-circuit with the bottom electrode coating 46. Further-
more, this has the advantage of protecting the functional
system 60.

[0150] To fulfill its anti-short-circuit function, the insulator
78 fills the cavities 68 at least beneath the connection means
70 and at least as far as the first electrochromic film 48.
[0151] The insulator 78 advantageously fills the cavities 64
along the entire length of the active region 54A and advanta-
geously, furthermore, at least partially fills the inactive region
54B, particularly when the connection means 70 are printed.
[0152] In the figures, the insulator 78 fills the entire area
and entire thickness of the cavities 68.

[0153] The insulator may for example be SiO, deposited
into the cavities 64 by printing. It may, more generally be
Si0,, S8i,N,, 81,0 N,, or some combination of these.

[0154] In the case of metal wires however, it is possible to
place the wires between the active region 54A and the con-
nectors 74 without creating a short-circuit, so that the insula-
tor 78 in the cavities 66 is no longer necessary, even though it
preferably remains in place to protect the functional system
60.
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[0155] It should be noted that the cavities 64 are optional
since, for example, it is possible as a variant to establish an
electrical connection with the top electrode coating 52 by
bonding a metal band to the electrical connection means 70.
[0156] In this variant, a busbar having a conductive adhe-
sive face is bonded directly to the electrical connection means
70, making the cavities 64 redundant.

[0157] In this case, the cavities 64 may nevertheless be
replaced with partial cavities of the same type as the cavities
68, so as to limit the risk of a short-circuit.

[0158] The busbar may take any suitable form and particu-
larly the form of a frame that covers as best as possible the
entire area of the active region 54A.

[0159] Another possible advantage of this variant, in which
there is no total cavity 64, is that four connectors 72 may be
placed on the four edges of the device. In this case, an elec-
trically insulating band will for example be provided between
the busbar and the connectors at their intersection.

[0160] According to another advantageous variant, an addi-
tional total cavity runs alongside the edges of the substrate
around the entire circumference of the substrate so as to
prevent any short-circuiting by contact of a conducting ele-
ment with the edges. This cavity is advantageously produced
in the immediate vicinity of the edges so that the active area of
the functional system 60 is not overly reduced.

[0161] A second electrical insulator 80 fills the cavities 68,
advantageously at least along the entire length of the active
region 54 A, with the aim of protecting the functional system
60.

[0162] This second insulator may be for example a mate-
rial, for example Si0,, deposited into the cavity 68 by print-
ing.

[0163] The device according to the invention therefore has

many advantages.

[0164] Asexplained hereinabove, the device has the advan-
tage of allowing the electrical connectors to be positioned
after the deposition of all the films, including the cover film.
It thus becomes possible to obtain the device by cutting a
motherboard.

[0165] The connectors are either placed on the mother-
board before cutting or placed after cutting on the cut sub-
strates. In both cases, the motherboard may be fabricated in
another production site, stored for an indeterminate period of
time, etc., before being cut.

[0166] Furthermore, any suitable device size may be
obtained by cutting a single-sized motherboard.

1. An electrochemical device having at least one of electri-
cally controllable optical or energy transmission properties
comprising:

a substrate;

a functional system formed on the substrate and compris-

ing:

a bottom electrode coating formed on the substrate;

a top electrode coating formed on the bottom electrode
coating; and

at least one electrochemically active film located
between the bottom electrode coating and the top
electrode coating, the at least one electrochemically
active film being able to switch reversibly between a
first state and a second state having optical and/or
energy transmission properties different from the first
state when electrical power is applied to the terminals
of the bottom electrode coating and the top electrode
coating; and
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a cover film formed on the functional system in which the
cover film defines at least one surface cavity that passes
through the cover film without penetrating the top elec-
trode coating and in which the device comprises electri-
cal connection means arranged at least partially in at
least one surface cavity for electrical contact with the top
electrode coating.

2. The device of claim 1, wherein the at least one surface

cavity forms a trench.

3. The device of claim 2, wherein the trench is straight.

4. The device of claim 1, wherein the at least one surface
cavity is obtained by laser ablation.

5. The device of claim 1, wherein the electrical connection
means (70) comprises a conducting ink that fills the at least
one surface cavity.

6. The device of claim 1, wherein the cover film and the
functional system together define at least one partial cavity
passing through the cover film and the top electrode coating
without penetrating the bottom electrode coating, the at least
one partial cavity separating the top electrode coating into at
least two electrically isolated regions, namely a free region
and an active region which is able to control the functional
system.

7. The device of claim 6, further comprising at least one
bottom electrode electrical connector arranged in the free
region of the top electrode coating for electrical contact with
the bottom electrode coating.

8. The device of claim 7, wherein the bottom electrode
electrical connector is arranged on the cover film and soldered
through all the films down to the substrate.

9. The device claim 1, wherein the cover film and the
functional system together define a total cavity passing
through all the films at least down to the bottom electrode
coating inclusive, separating the bottom electrode film into at
least two electrically isolated regions.

10. The device of claim 9, further comprising at least one
top electrode electrical connector arranged in the free region
of'the top electrode coating for electrical contact with the top
electrode coating.

11. The device of claim 10, wherein the top electrode
electrical connector is arranged on the cover film and sol-
dered, through all the films down to the substrate.

12. The device of claim 10, wherein the top electrode
electrical connector is electrically connected to said connec-
tion means arranged in the at least one surface cavity.

13. The device of claim 1, wherein the cover film is elec-
trically insulating.

14. The device of claim 11, wherein the cover film com-
prises a material selected from the group consisting of SiO_,
Si,N,, Si,O,N, or some combination of these, and wherein x,
y, and z are integers.

15. The device of claim 1, wherein the functional system is
an all-solid state system, all the films of the functional system
being formed on the substrate.

16. The device of claim 15, wherein the functional system
is an electrochromic system, the system comprising a first
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electrochromic film capable of switching from the first state
to the second state by at least one of insertion or removal of
ions, an electrochemically active ion storage film for storing
the same ions by at least one of insertion or removal, the ion
storage film preferably being electrochromic and thus form-
ing a second electrochromic film, and an electrolyte film
between the first electrochromic film and the ion storage film,
the electrolyte film providing the mobility of the insertion
ions between the first electrochromic film and the ion storage
film.

17. The device of claim 1, wherein the functional system
extends over all of the visible surface of the device.

18. The device of claim 17, wherein the functional system
extends from each edge to the opposite edge of the surface.

19. A glazing comprising the device of claim 1, wherein the
substrate is a sheet providing the glazing with a glass func-
tion.

20. A process for fabricating an electrochemical device
having at least one of electrically controllable optical or
energy transmission properties, comprising the steps of:

depositing a bottom electrode coating onto a substrate;

depositing at least one electrochemically active film onto
the bottom electrode coating;

depositing a top electrode coating onto at least one elec-

trochemically active film, the at least one electrochemi-
cally active film being capable of switching reversibly
between a first state and a second state having optical
and/or energy transmission properties difterent from the
first state when electrical power is applied to the termi-
nals of the bottom electrode coating and top electrode
coating;

depositing a cover film onto the functional system;

carrying out an ablation of the material of the cover film so

as to form at least one surface cavity that passes through
the cover film without penetrating the top electrode coat-
ing; and

adding electrical connection means arranged at least par-

tially in at least one surface cavity for electrical contact
with the top electrode coating.

21. The process of claim 20, wherein the coatings, the
active films and the cover film are sputter deposited.

22. The process of claim 20, wherein, after deposition of at
least the active film, the substrate is cut in different pieces so
as to form several devices with at least several of the pieces.

23. The device of claim 5, wherein the ink is a thick film
silver ink.

24. The device of claim 23, wherein the silver ink contact
glass frit.

25. The device of claim 9, wherein the two electrically
isolated regions are a free region and an active region.

26. The device of claim 11, wherein the film is ultrasoni-
cally soldered.

27. The process of claim 21, wherein each of the coatings
active films, and cover film is sequentially deposited on the
surface of the substrate.
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